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I. ABSTRACT
VAN

Improvemente in the pilot plant facility have progressed
along the lines of intrcducing recording equipment to continuously
monitor cell voltages and current, and fabricating setups to acto-
mate and simplify the handling of batches of cells as they go
through electrical processing.

Deep drawvn containers for VO-6HS cells have been fabri-
cated and the problems and wrinkles have been ironed ocut. Cells
using these new containers are in process.

Hardware for the VO-50HS cell is being fabricated.
Electrode stacks are being formed. Cells will be assembled within
30 days and electrically tested.

Thin plate experimental VO-5X cells were fabricated,
checked out electrically and compared to & standard VO-6HS cell.

Six VO-6HS lab cells were cycled in & 70X depth, 3-hour
routine for 560 cycles, and performed well. The cycle was then
reduced to 90 minutes, and 800 cycles have been reached, again
with 70% depth. One cell failed by shorting across the separator.

Some studies have been made on the capacity spread of
VO-6HS cells and the charge efficiency of these cells is discussed.
Reference electrode measurements were made to determine which elec~

trode limits capacity. A =




II. PILOT FACILITY

The pilot facility to produce hermetically sealed cells
for aerospace applications is essentially complete. Most of the
:;uipmant necessary to produce satisfactory sealed cells has been
installed and is functioning. Since the facility is small, and
complete inspection at many points along the line is mandatory, the
output per month is small. During the past quarter efforts have

been directed at increasing ocutput through automation, reducing

processing.

Once cells are fabricated, they are then subjected to a
careful electrical and mechsnical checkout, designed to eliminate
all leaks, shorts, high pressures or low capacities. Cells have
been manually handled in groups of 25, with &n operator making all
operations and recording all data. Several multipoint recorders
have been procured to monitor cell voltages and current continu-
ously.

In addition, a "cell conditioning control rack" has been
designed, and is partially fabricested, to facilitate handling dur-
ing this operation. The purpose of this equipment is to eliminste
unnecessary handling of cells during the electrical processing
phase of manufacturing the hermetically sealed cells. Normal pro-
cessing procedure requires each individual cell to be connected and
removed from the circuit three times to be pumped down, or for gases

to be admitted such as the helium tracer before closure. This is




very time consuming, and allows possible damage to the cell due to
handling. The control rack was mechanically designed, keeping in mind
the need to conserve time snd decrease handling. Each cell is con-
nected into a manifcll section using & stainless steel quick-discon-
nect. A stainless steel toggle valve is also included in each line
to seal off the cell during processing, but to allow quick access to
the manifold. The manifold is provided with helium, oxygen, or
vacuum exhausting. A schematic of the system for 3 cells is shown

in Pigure 1.

Also shown in Figure 1 {s the schematic of the electrical
hookup for the cells. As processed now, during a capacity discharge,
cells are removed one &t & time as they reach 1.0 volts per cell.
Sometimes during & discharge of a batch of 25 cells some quite adept
juggling of clip leads is necessary toward the end of charge. Hope-
fully, very uniform cells should all reach 1.0 volts at about the
same time, and therefore, some provision is necessary for more facil-
ity of electrical operations. With the electrical hookup being pro-
vided in the new "cell conditioning control racks", each cell is
wired into place. Connection to each cell terminal is by screw
lugs rather than clip leads, and individual voltage sensing leads
are provided. This eliminates probing with voltmeter picks. During
discharge, a cell may be shunted by & switch operation when it
spproaches zero volts., Thus the discharge circuit will never be
momentarily broken, ensuring a batter measure of dischirge ampere
hours.

The monitoring of cell voltage is accomplished by the use




of a rotary switch and a voltmeter., Current is controlled by a
variable resistor and an ammeter tied into the control rack. All
these refinements are incorporated on a master panel which is

mounted directly in front of the cells being processed.



IIX. DEEP DRAWN CELL CONTAINERS

The development of deep drawn cell containers came about
with the need to improve hermetically sealed cells for space appli-
cations. Three major factors make the drawn can a superior con-
tainer over the present weldment. First, the drawn container di-
mensionally cam be mkde to closer tolerances. Second, the strength
of a drawn unit is approximately three (3) times greater than that
of & welded unit of the ssme material. Third, there are fewer
seams that might normally allow the possibility of leakage. Aside
from the above mentioned improvements, the question of weld slag
contaminating the cell always arises. Deep drawn cans minimize this
since only one weld occurs - the final weld of the header to the can.

To meet existing dimensional requirements, the deep drewn
container had to be similar to the welded can used. This required
special tooling not normally found in esteblishments doing this
type of work., The corners and radius had to be held to close toler-
ances as well as the depth of draw. To accomplish this, eight (8)
separate developments had to be made. This proved to be a trial
and error operation, to flow the material to the proper location
for the next draw. After each drawing operation the material must
be annealed because it work hardens during the preceeding opera-
tions.

The final finish of the surface of the cans caused more
of a problem than anticipated. The sides and faces had to be smooth
and free from any disfigurations. To accomplish this, the side had
to be ironed first and then annealed. Then the faces had to be

ironed. The annealing, after ironing the faces, was eliminated to
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retain added stiffness in that portion of the can which would norm=
ally tend to bulge with any internal pressure.

The present batch of containers have been through the
eighth and final draw, and show promise of being the type of comn-
tainer that is desired for space use. Figure 2 is a photograph of

the drawn can V0-6HS snd the welded can cell.




IV. 50 A.H, HERMETICALLY SEALED CELL

Design-wise, the 50 AH hermetically sealed cell differs
in many ways from previocus designs. Normally, the hermetic seal
was formed by making & ceramic-to-metal seal between the cover and
- the ceramic ;nsulator, in addition to between the terminal and cer-
amic insulator. 1In the present design, neither of ihe two terminal
posts forms part of the hermetic seal. This allows freedom in the
choice of materials from which the terminal can be made. The mater-
ial that has been chosen is copper, which allows good heat transfer
and has better electrical conductivity,

For the hermetic seal at the positive terminal, the upper
end of the ceramic insulator has a seal ring attached by a ceramic-
to-metal bond. At the lower end, the lower seal ring is also at-
tached by & ceramic-to-metal bond. Both these seals are compression
seals. The copper terminal, which passes through the center of :the
insulator is silver soldered to the terminal base. The upper face
of the terminal base is h:liarc welded to the bottom face of the
lowver seal ring completing the hermetic seal. At the lower end of
the terminal base is a plate which is slotted parallel to the direc-
tion of the electrodes. The tabs of the nickel electrodes are notched
so that they can be slipped into the slots and welded, thereby allow=~
ing & reduction in case height compared to the usual method of using
combs .

The negative terminal is grounded to the case so that the
copper terminal is silver soldered to the cover. The electrodes are

velded into the comb and the comb is attached to the cover by a comb




support. The cover is made by drawing, and the caee is fabricated.
Most of the case and terminal components necessary for the
production of the 50 AH hermetically sealed cell have been ordered
and are being fabricated by outside suppliers. The electrodes have
been fabricated and the electrode stacks have been assembled. At
the present time, the electrodes are undergoing formation in tanks
by the usual pilot plant procedure. Figure 3 shows the 50 AH cell
stack as compared to a VO-6HS cell stack. Figure 4 shows the elec-

trode stacks for the 50 AH cell undergoing tank formation.




V. THIN PLATE CELLS

As indicated in the last quarterly report, the hardware
for thin plate cells was fabricated and after some preliminary
studies on prototypes, five cells were assembled to operate as
sealed cells. The electrodes are 0.025 to 0.027 inch thick as
compared to the standard 0.035 inch plate. Because the porosity
of the thin plate electrodes was 25% greater than that of the
thicker plates, it was found that separate tank formation of the
electrodes was not necessary. Therefore, after assembly the five
cells were filied with 13.5 ml of electrolyte, evacuated, and
sealed. The cells were charged at 0.5 emperes and then put on
overcharge at the same rate. At the steady state, the voltages
and pressures were recorded while the cells were maintained at
25 iﬁ.Soc in an oil bath. The overcharge current was increased
to 0.75 amperes until the steady state was again reached. Then
the overcharge current was increased to 1.0 ampere and maintained
until the steady state was obtained. The observed pressure versus
overcharge current is showm in Figure 5. The overcharge current
is expressed as a fraction of the cell capacity. The slope of the
line representing the average of the five thin plate cells is
given as 40 ma/psi.

In addition, Figure 5 also gives the observed pressure
versus the overcharge current for typical VO-6HS and VO-20HS nickel-
cadmium cells, As shown, not only is the slope less for the V0-5X

cell, but the overall pressures are lower. One reason for this
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phenomena is believed to be that the surface area of the electrode
per ampere hour is greater in the thin plate cells than the others.

A Figure 6 illustrates the cell voltage as a function of
the overcharge current. The overcharge current is expressed as a
fraction of cell capacity. In addition, the curves for a typical-
VO~-6HS &nd VO0-20HS nickel-cadmium cell are given for comparisonm.
, The voltages &ppedr to indicate that the thin plate cells are op-
erating at a lower current density which {s consistent with the
previous hypothesis regarding pressures, i.e. that the surface area
of the thin plate electrodes per ;mpere hour is greater.

After the overcharge, the cells were discharged at the
C/2 zate. The capacity to 1.0 volts was 5.75 AH. They were then
recharged manually at 0.5 amperes and put on cycling which discharged
the cells to a 40% depth and returned 120%. The discharge portion
vas 3.9 amperes for 35 minutes, 2.28 AH, while the charge portion
was 3.0 amperes for 55 minutes, 2.74 AH. The cells were cycled 31
times. Table I gives the beginning of discharge, end of discharge,
beginning of charge, and the end of charge voltages for cycle 1,
cycle 14, and cycle 31.
TABLE I,
CELL VOLTAGES AS A FUNCTION OF CYCLE NUMBER

Charge Voltages Discharge Voltages

Cycle Number _ [Beginn End Beginning End
1 1.30 1.46 1.29 1.22

14 1.20 1.47 1.35 1.19

31 1.27 1.48 1.34 1.18




After the 31 cycles, the cells were placed on a 0.5 ampere
contimious charge for 24 hours. A C/2 rate discharge was conducted
and the capacity obtained was 4.62 AH. The cells were recharged at
0.5 méres and then overcharged at 1.0 ampere.

A C rate, 5. A,discharge was conducted, and the capacity
obtained was 4.74 AH to 1.0 volt. Figure 7 illustrates the perform=
ance. For comparison & C vate discharge for a typical VO-6HS cell
is added to the same figure.

They were recharged at the C/10 rate and then overcharged
to insure that the cells were in a fully charged state. After a 24
hour stand time, at 25°C, the open circuit voltage was measured and
found to be 1.30 volts. Then a 2.0 ampere discharge was conducted
for a few seconds. The discharge was immediately chenged to @ 4.0
amperes for a few seconds. In a similar meanner the 6.0, 8.0, and
10.0 ampere discharges were conducted. The cell voltages were ob-
tained immediately on initiation of & dischargs. The results are
given in Figure 8. The slops obtained is -0.008 while the slopes
obtained from ¢ VO-GBS cell when discharged immediately after
charging is -0.006.

After a 0.5 ampere charge and overcharge a 2C, 10 amperes
discharge was conducted. The capacity to 1.0 volt was 4.13 AH and
is shown in Pigure 9.

The cells were again charged and overcharged at 0.5 am-
peres. A 4C, 20 amperes.discharge was performed, after a one hour
stand time, giving & capacity to 1.0 volt of 2.82 AR as shown in
Figure 9. To determine the cell capacity after the mmber of dis-

charges already performed, the cells were charged and overcharged

11.
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at 0.5 amperes. A C/2 rate discharge was conducted and the capacity,
obtained to 1.0 volt was 5.0 AH. Figure 9 shows the discharge.

Using thin plate electrodes, it was found possible to
piacs the cells into immediate service. The electrodes did not re-
quire a lengthy formation process which involves wrapping and re-
wrapping of the separator, in addition to washing and drying the
electrodes.

Below is a table comparing some of the characteristics of
the V0-5X, VO-6HS and VO-20HS nickel-cadmium cells.

TABLE II.

COMPARISON OF SEALED CELLS

¥o-5X VO-6HS VO-208S

WEIGHT (Lbs.) 0.47 0.62 1.9
CELL DIMERSIONS (in)

LENGTH 2.09 2,09 2.98

WIDTH 0.81 0.81 0.89

HEIGHT 2.91 3.67 6.58
voas 1’ 4.92 6.15 17.44
WATT-HOURS 5.63 8.28 23.5
WATT-BOURS/Lb, 12.0 13.4 12.4
WATT-HOURS /40" 1.14 1.35 1.35

It may be concluded from these studies that no significant
advantage in watt-hours per pound is achieved through the use of
thimner plates. This is due to the fact that more thin plates are

required, and &8s a result, more folds of separator are necessary.
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The advantages of thinner plates are that they apparently have a
larger surface area per ampere hour of electrode capacity. As a
result, the discharge voltage at comparable rates is slightly
higher than for thicker plate cells. In addition, overcharge volt-

ages and pressures are lower at equivalent C-rates.



Vi. ELECTRICAL PERFORMANCE OF VO-6HS CELLS
A. CYCLING
Six laboratory cells of the V0-6 type were fabricated and

electrically checked out by charging them at 0.6 amps for 5 days,
and discharging them to 1.00 volts at a 3.0 ampere rate. This was
repeated and the capacities vere determined. The average cepacity
was 6.67 ampere hours with a spread of 0.70 ampere hours.

The cells were fully charged and overcharged for two days
at 0.6 amps (C/10) efter which they were placed on a 70%Z depth of
discharge cycle consisting of a 60 minute discharge at 4.2 amperes
followed by a 120 minute charge at 2.4 amperes. This charge was
found to be insufficient and was increased after a few cycles to
2.5 amps or a 19% overcharge.

These cells continued cycling for 560 cycles. A typical
cycle curve from one of these cells at cycle #500 is shown in Pig-
ure 10, A three hour cycle hed been selected because of a lack of

cycling data on this size cell, but since they were responding nor-

mally to this cycle, it was decided to change the cycle to & 90 min-

ute cycle. At the end of the 560th. cycle, the average end of charge

voltage was 1.50 with a spread of 0.03 volts. The cells were taken
off cycle at the end of cherge and placed on 0.6 amps for two hours
and then discharged at 3.0 amps (C/2). The average capacity was &

ampere hours with a spread of 0.2 ampere hours. The cells were ex-

hibiting the "memory effect" and at 707 depth were exhibiting just the

capacity being cycled. Some cells were below 1.0 volts at the end
of discharge. The cells were shorted after discharging to 0.60

volts and left shorted for 16 hours. They were recharged at 0.6

amps and 16 hours. They were recharged at 0.6 amps and left on over-

14,



charge for 5 days. The average overcharge volitage was 1.39 with a8
spread of 0.04 volts.

The cells were then put on 2 20 minute cycle consisting of
a 35 minute discharge at 7.2 amps and a 55 minute charge at 5.5 amps
or a 20% ovexcharge.

After 800 cycles, it was noted that the end of diascherge
voltage of one of the cells was down to 0.50. Cycling was stopped
at the snd of charge after 800 cycles and the cells placed on & 0.6
amp overcharge.for 16 hours, The capacities were checked at a C/2
rate. Two cells had 6.2 ampere hours, two had 6.0 ampere hours, and
one had 5.7 ampere hours, and ons cell hed 3.9 ampere hours. This
cell was the same one that had en end of discharge voltage of 0.50 v
volts, Upom returning the cells to a 0.6 ampere charge, this cell
indicated a partial short. The cell was disassembled and a burned
spot found in the edge of the separator between plates.

The remaining cells were recharged at 0.6 amps and over-
charged for 5 days at the same rate. The capacities were again de-
termined at 3.0 amp discharge rate, and the average capacity was
5.72 ampere hours with a spread of 1.0 ampere hours. The cells were
recharged again and are to be put back on cycle.

As has been noted in other tests, continuous repetitive
cycling does not result-in irreversible loss of capacity. Even
though the cycled cells assume a capacity about equal to the depth
of the cycle routine, the full nominal capacity 1is recoverable after
a C/10 cvercharge. Sepesrator failure (shorted cell) still appears

to be the most likely csuse of cell failure.

15.
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B. CAPACITY ARD CHARGE EFFICIENCY

Several hundreds of VO-6HS cells have been produced in the
pilot plant since it started to function, and one characteristic
which persists to date is the non uniformity of cell capacities.
A range of cell capacities from 5.5 to 8.0 ampere hours has been
produced by what appears to be an identical fabricating procedure.
In addition, the plates used in the cells are identical in capacity.
At one time each individual electrode was discharged separately, but
it wvas decided that this was time consuming and unnecessary. There-
fore, electrode stacks are processed and an electrode stack must de-
liver 7 ampere hours for it to he usshle in UD-6HS cells,

It has also been observed that successive discharges of
the same V0-6HS cell will not always yield the same value of capacity.
This observation led to the hypothesis that perhaps the non uniformity
in capacity is due to the nature of the hermetically sealed nickel-~
cadmium cell. Another observation has been made, particularly with
V0-20 size cells, that after continmuous repetitive cycling, a group
of cells operating in series, become more uniform and capacity slowly
increases. Several further observations have shown that in some cases
a 20 to 24 hour charge at 0.6 amperes will not result in 6 ampere hours
on the following discharge at 3 amperes, while a high rate charge, say
at a constant voltage of 1.45 volts per cell, will result in over 6
ampere hours. It i{s also observed that a continuous overcharge at
0.6 amperes for 72 hours (over a weekend) results in higher capacity
than a 0.6 ampere charge for only 21 hours.

Table III shows the capacity of 6 cells which had been fabe<
ricated in the pilot plant and which originally had capacities betweeQ

5.40 and 5.90 ampere hours. Several different charge procedures were
run to see their effect on the subsequent capacity discharge.




CELL RO.

K

L

1
4.40
5.15
5.85
4.55
6.00

5.70

6.10
6.40

5.25

#* Deep Drawn

891240 3agajaadea

yadsp %L0S “0O1 2333V

2
4.80
5.55

6.05

6.00
6.25
6.15
6.70

5.25

14
4.70
5.85
5.70
5.40
4.90

5.80

n
M

~g
o

5.95

5.95

5.50

*8xyg g% 103 sdue ¢/°0
*6xq g 103 sdwe Q¢

17.

ORIGINAL
CAPACITY
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Figure 2 shows a plot of capacity versus cycle number and
indicates the charge routine to which the cell was subjected. Note
that the higher rate charges from cycle 8 on were beneficizl.

These observations suggest that in some VO-6 cells the
charge efficiency at low rates for short times is poor.

Poor charge efficiency has always been attributed to the
positive electrode which begins to gas 0, at about the half charged
point. Experiments were run on VO~6HS cells which were completely
dischatpd, vented, and then discharged into reverse to see if
either electrode was present in any excess. As mapufactured, both
electrodes are completely discharged at the time of assembly. Im-
balances do occur during abnormal operation due to loss of gases
through a faulty seal, and apparent imbalances cam occur during
high rate charges and discharges due to unequal polarizations of the
electrodes.

It is interesting to note that if either electrode out-
lasts the other on discharge, a cell voltage of -0.1 volt is ob-%
tained so that cell voltage alone is insufficient to determine which
electrode 4s limiting. This is borme out by an analysis of xeference
electrode measurements as discussed below.

Using & Hg/HgO reference electrode, the following reac-

tions are obtained during discharge and reversal.

Electroda Discharge Reversal
Ni - Ref +0.4 V Hz is formed at -1.0

E cell = Em_ - Ecd




19.

If the positive electrode rums down first
Ecell = <1.0-(0.9) = -0.1V¥
If the n=sgative electrode runs down first
Ecell = 40.4 =(+.5) = -=0.1V
Thus & second discharge plateau at -1.0 volt may be due to
either positive or negative limiting capecity. A reference electrode
measurement is necessary.
Figure 12 shows a plot of refarence electrode potentials
for & VO-6HS cell which wes produced in the pilot plant. It showed

a low capacity and was therefore punctured and discharged with a

electrode was 7.25 AR while the negative was only 5.9, causing low

capacity for the cell.



ViI. CONCLUSIONS

Steps have been taken to automate pilot plant operations
and to collect processing data contimuously and automatically.

The deep drawn can for VO-6HS cells is aveilable.

Large size 50 AH cells are completely designed and axe
being fabricated from both in house fabricated parts and subcon-
tracted parts.

No significant sdvantage in watt-hours per pound is
achieved through the use of thimmer plates. This is due to the

fact thsat thin plates require more separator and result in a bulk-

vy

er pack and more terminal hardware. - The advantage of thinmer
plates are that they have a larger surface area per ampere hour of
electrode capacity and as a result overcharge voltage and pressures
are lower than for thicker plate cells at equivalent C-rates.

V0-6HS have been cycled over 1800 cycles at 77°F at a 70%
depth of discharge. The memory effect wherein the cells begin to

exhibit the capacity to which they are being cycled has been ob-
served, The full rated capacity is recoverable after a C/10 over-
charge.

The capacity of VO-6HS cells is sensitive to the charge
conditions for the previous charge. High rate charges give higher
capacity; at 0.6 ampere the charge efficiency is apparently poor in

some cases.
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VIii. PROGRAM FOR THE NEXT PERIOD

The main items of effort for the next period will

1.

2.

3.

Complete fabrication of the 50 AH hermetically
sealed cell, and determine the electrical char-

acteristics of the cell.

Some further electrical characteristics of the
thin plate cells will be determined, and the
cells will be cycled continuously to see if any

deterioration occurs during cycle routine.

VO-6 RS calls in drawm cans will be fabricated

and delivered.

Consideration will also be given to charge effi-

ciency and low temperature charge techniques.
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